The biological evaluation of protein preparations intended for parenteral use in human nutrition by tests in experi mental animals leaves much to be desired. It is obvious at the outset that the capacity of a protein product to promote the formation of tissue in immature or depleted experimental animals does not provide a completely valid estimation of the product's value for the biosynthesis of human tissues (Frost, '50) . A study of well-substantiated species differences in amino acid needs and physiology reveals the limited useful ness of animal tests for these purposes (Mitchell, '50; Cox et al., '47) . In view of these considerations, an investigation of the oral and parenteral nutritive value of an enzymatic digest of bovine plasma2 was undertaken in infants and adults, respectively.
The results of this study are here reported.
EXPERIMENTAL

I. Oral assay in infants
It is common knowledge that on a body weight basis the protein requirements of the infant are 4 to 5 times greater than those of the healthy adult. Because of the N losses which 1The work described in this report was supported by funds from the Office of Naval Research and Baxter Laboratories, Inc. 1Travamin.
prevail during illness, especially in fever and traumatic epi sodes, the protein needs of the convalescent adult may ap proximate in magnitude those of the normal infant. Since both conditions call for the formation of new human tissues, it seems reasonable to assume that a protein or protein prod uct which will support good infant growth will also promote good tissue regeneration in the depleted adult. Salt supplement, mg per 100 ml : FeSOÂ«,10 ; NaCl, 100 ; Ca gluconate, 790 ; KHaPO., 323; Ca(OH), , 197; K2HPO., 108; KC1, 90; MgO, 18. 1We are indebted to Dr. Daniel R. Borgen of the Baxter Laboratories for supplies of these special products.
2The Laboratory Product no. 217 and brewers' yeast were kindly provided by Dr. Warren M. Cox, Jr., of Mead Johnson and Co.
Diets and methods. The composition and caloric distribu tion of the evaporated milk, 5 and 15% bovine plasma di gest formulae employed in this study are shown in table 1. The 15% product contained added isoleucine and methionine. In the 5% product 55.8% of the total N was present as free amino N and in the 15% product 57% of the total N occurred as free amino N. The diets were given in 5 feedings daily at the rate of 100 cal. and 0.56 gm of nitrogen per kilogram of body weight and were supplemented daily with 50 mg of as corbic acid and 15 drops of oleum percomorpheum.
Owing to uncertainties regarding the B complex vitamins required by infants, brewers' yeast was used instead of a mixture of the synthetically available components of this vitamin complex. The amino acids derived from this source can be approximated from the literature (Carter and Phil lips, '44). The nitrogen content of each diet preparation was determined by the micro-Kjeldahl method and the daily N intake of the infants was calculated from the consumption records. The diets were tested in 8 normal male infants (1.5 to 9.0 months of age) for three or 4 consecutive 7-day periods. The infants were weighed daily during the course of the study.
Collection of the excreta was omitted on week ends. Nitro gen retention data were obtained by subtracting from the daily N intake the total N output as found by micro-Kjeldahl analyses of the daily 24-hour urine collections and pooled feces for the period. The urinary amino acid output was measured by chemical, microbiological and Chromatographie methods; namely, methionine (Albanese, Frankston and Irby, '44) ; cystine (Sullivan and Hess, '36) , tryptophan (Greene and Black, '44) , tryrosine and phenylalanine (Albanese et al., '46; Albanese and Wagner, '44) ; and these and other amino acids by paper photochromatography (Albanese and associ ates, '51).
The effect of the diets on the blood protein was ascertained by analysis of blood samples collected on the last day of each diet period. The hemoglobin content of these speci mens was measured photocolorimetrically by the acid hematin method. The total plasma proteins, albumin/globulin ratios and non-protein N were determined by techniques previously described by some of the present authors (Albanese et al., '43).
Results. The nitrogen retention and body weight changes
induced by the evaporated milk (EM) and the bovine plasma digest (5 BP and 15 BP) diets indicate that by these criteria the three diets are of equal nutritional quality (table 2) . .256.346.415.925.956.225.816.106.256.146.445.445.686.706.785 Most of the observed nitrogen retention values fell well within the range of those found in the literature (Albanese, '47a). In some instances the N retention induced by the 15 BP diets was above the norm, and almost twice the norm with the 5 BP diets.
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It is important to point out that the amino N output on the "synthetic" diets was greater than that found on the evaporated milk diet. Analytical fractionation of this uri nary component demonstrated that the excess was composed primarily of methionine, phenylalanine, isoleucine, tyrosine, cystine and threonine. The output of methionine and iso leucine was greatest on the 15 BP diet. This finding correlates with the fact that the bovine plasma digest employed in this diet was reinforced with these two amino acids. It is sig nificant that normal and better than normal N retention and body weight gains were supported by these protein prepara tions, in the face of the urinary amino acid losses shown in table 2.
A comparison of the amounts of the various amino acids provided per kilogram of body weight by the evaporated milk formula and diets 5 BP and 15 BP is made in table 3. It can be seen that the 5 BP and 15 BP diets yielded a lower intake of certain amino acids than the amounts supplied by the evaporated milk formula. In most instances, however, these values were well above the estimated minimum needs for infants (Albanese, '50). The low methionine content of diet 5 BP is notable (Albanese et al., '49) but apparently not critical for the short period of the study, since the diet sup ported excellent nitrogen retention levels and body weight gains (table 2) .
II. Parenteral assay in adults
It has long been recognized that shock resulting from acute infection, surgical or accidental trauma or other insult is followed inevitably by a significant loss of tissue protein which shortly places the patient in a marked negative N-balance. The causes for this reaction are not completely under stood. Efforts to compensate for this loss by the administra tion orally or parenterally of protein preparations have been on the whole rather successful (Peters, '44; Elman, '47 tions in correcting the "N-diabetes" of physiological insult is the subject of much investigation and discussion.
In the present evaluation, having been satisfied by the fore going studies that bovine plasma digests can sustain normal or better than normal N retention and body weight in in fants by the oral route, we set out to determine their nutri tive availability by the intravenous route in the convalescent adult. This availability was tested in terms of excess total, bound and free amino N and specific amino acids excreted in the urine. The rate of N catabolism was measured in terms of urea N output. The effect of dextrose infusions alone or in mixture with the protein digest on the nitrogen metabolism was also determined by these criteria.
Procedures. In order to make the necessary measurements, 4 successive 24-hour urine collections were obtained from convalescent adult males who were maintained on uniform diets and metabolically controlled. The first, or control, col lection was made prior to intravenous alimentation. The sec ond was made on the day of infusion of 11 of 5% dextrose; the third on the day of infusion of 11 of 5% protein hydrolysate ; and the 4th on the day of infusion of 11 of a solution containing 5% dextrose and 5% protein hydrolysate. The bo vine plasma hydrolysate used in these prepartions was the same 5% digest employed in the preparation of diet 5 BP (tables 1 and 2). All infusions were given after the evening meal and at the rate of 11 per 1.5 hours.
The urine samples were analyzed for various N and S constituents by the procedures previously mentioned.
Results. The data obtained on the 6 subjects of this study are shown in table 4.
Examination of the total N output of these subjects dis closes that infusion of 11 of 5% dextrose solution did not cause an increased loss of nitrogen but in 4 instances reduced the nitrogen output by 1 to 2 gm. This reduced N excretion may be attributed in part to the protein-sparing effect of the infused carbohydrate. The free and bound amino N output followed the trend set by total N levels. One subject (H.M.), who failed to show any change in total N output as a result of the dextrose infusion, exhibited a drop in free and bound amino N excretion. These observations are in accord with In general the availability of intravenously administered nitrogen can be deduced from differences in metabolites found in the control urines and those collected on days when the various infusions were given. The output of nitrogenous metabolites following the infusion of 5% protein hydrolysate and 5% protein hydrolysate with 5% dextrose discloses that the infused amino acids were well utilized and that in some instances utilization was improved by the presence of 5% dextrose.
Averages show that 2.6 gm of nitrogen were excreted in excess of the control figure. Of this 18% appeared in the urine as free amino N and 27% as bound amino N. The remainder (1.5 gm) was present as urea, indicating actual metabolism of this moiety. Analytical partition disclosed the excess amino N to arise from increases in the output of cystine, methionine, histidine, phenylalanine, threonine and tyrosine. The excretion of tryptophan and inorganic S was not increased as a result of the infusions.
It is significant that the output of total organic acids fol lowed the trends set by the amino N excretions. The ratios of total organic acids to free amino N, and total organic acids to total amino N, were not increased by the infusions. This suggests that the extra amino N did not include abnormal amounts of glutamic or aspartic acid. This is of interest since nausea and vomiting, which sometimes accompany infusion of protein hydrolysates containing large amounts of glutamic acid, were not experienced by any of our subjects.
DISCUSSION
It appears from the results obtained in this study that of the 8.0 gm of bovine plasma digest N infused in the adult males about 1.1 gm or 13.7% escaped utilization in the form of free and bound amino N. The losses ranged from 9.4 to 18.4% of the amino acid infusion. This variation may be attributable to differences in rate of infusion (Cox and Muel- 1er, '46) or the nutritional states of the subjects (Allison, '48). Since in this study the rate of infusion was constant, the variations must be attributed to differences in the tis sue needs of the subjects. This inference is supported by a retrospective consideration of the subjects. A comparison of available data on total amino N losses incurred by intravenous alimentation with various protein hydrolysate and amino acid preparations discloses that the losses found with the bovine plasma digest were not excessive. In general the total amino N wastage is higher with enzymatic digest of proteins. The wastage of available peptides is about 30% of those infused, regardless of their concentra tion in the preparation. However, the nutritional value of these products cannot be justly appraised by this criterion. It can be argued with some validity that the retained fraction of these peptides (70%) may prove nutritionally more val uable than an equal amount of the free amino acids, since the body is spared a synthetic effort at a time of metabolic duress. Evidence for this opinion can be adduced from re ports (Woolley, '45, '46; Womack and Rose, '46; Albanese and Irby, '43; Albanese, '47) which indicate that diets made with intact proteins or peptide containing protein digests have a higher nutritional value than those formulated with mixtures of amino acids or acid hydrolysates of proteins.
SUMMARY
It has been found that the nitrogen retention and weight gains of male infants maintained on a "synthetic" milk diet in which an enzymatic digest of bovine plasma 3 constituted the principal source of protein were equal, if not superior, to those obtained on an evaporated milk formula fed at the same fluid, caloric distribution and nitrogen levels. The nu tritional value of the hydrolysate was not improved by rein forcement with isoleucine and methionine. Tests of the digest given parenterally to adult males showed an average utiliza tion of 86.3% of the infused nitrogen. The possibility that â€¢ See footnote 2, page 281.
